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PlEABUREWEMT  OF  THE  .COPJCEMYRATIOni  OF  OXYGEW  ATOWS 
I{«  FLASHES  BY  THE  USE  OF  fHO 
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[Following  is  a  translation  of  an  article  ®*l2msr8niyB 
kontaentratsli  atasov  kislaroda  v  plawenakh  pri  po®s- 
shchi  fBQ®  -  (English  vsraion  ebove)  by  L.  W.  Kartuilova 
and  Kondrat'ye^  in  Zhurnal  Fizigheskoy  Khimll 

(Oournal  of  Physical  ChsroTatryyTTTol  XXU,  l^o  3,  f*5as'“ 
ccy,  1951,  pp  312-322.3 


Oxygen  stsras  yndoubtedly  hslong  to  the  number  of  basic  ac- ■ 
tivs  center©  entering  into  tbs  chain  mechanism  of  combustion  re- 
acticne.  Thersfors,  ths  obssryation  of  oxygen  atoms,  and  meas¬ 
urement  of  their  concentrailcn  in  flames,  is  one  of  the  most  im¬ 
portant  problems  in  the  investigation  of  the  chemistry,  of  flames 
and  combustion  theory,  A  few  years  ago,  one  of  the  .authors  pro¬ 
posed  as  a  solution  to  this  problB®  a  s«sthari  (1,  2)  based  on 
msasursment  of  the  Ebsalute  output  of  light  related  to  the  ea- 
called  flame  spectrum  of  CO.  Hobje'^er,  this  method  cannot  be  con¬ 
sidered  promising  until  the  mechanism  of  sxcitatian  of  the  indi¬ 
cated  spsctrus—yhich  prcusd  to  belong  to  the  molecule  of  D«  (4) 
in  the  diacrsta  rons  section  (and  not  CD2  ss  was  assumsd  earli- 
er)— has  been  eatafalished. 

For  this  reason,  along  with  ths  method  rosntionsd,  all  othar 
methods  are  of  great  interest  that  make  possible  the  solutiDo  of 
the  seme  problem  of  identificstion  and  measuremsnt  of  the  oxygon 
atom  concentration  in  tbs  combustion  rone  by  indspandant^  msarss, 

Gaydon  (3)  has  proposed  another  spactroscopic  method  based 
en  the  obaeryetlon  of  the  characteristic  yellow-green  light  sris- 
ing  upon  the  prsssrsce  of  nitrogen  oxides  and  atomic  oxygen  in 
the  flame,  rslatsd  to  the  process 

m  4-  0  — «02  +  fi?B  (1)  I 


-  1  - 


This  process  is  the  reverse  of  the  pracess  of  grsdiasociatioo  of 
MOg  which  takes  place  in  the  region  h  X  4000  A, 

Baydon  uses  his  method  in  8  purely  qualitative  fashion.  The 
possibility  of  applying  it  as  a  quantitative  method  proved  to  be 
the  main  task  of  the  present  investigation. 


THFORY  OF  THE  flETHOD 


Although  eraissinn  of  yellou5~Qr8Bn  light  of  ftlD^  is  also  re¬ 
lated  to  a  renambinatiofi  process  (l),  in  order  to'^calculats  the 
intensity  of  this  light  wa  do  not  need  to  use  the  method  of  de- 
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Itermining  the  effactive  raagnituda  of  recorabinatiDn  Bcnompaniad  ~1 
by  efTtieEion  of  light j  which  usbs  used  by  i/,  fsf,  Kondrst^ev  and  A. 
lo  Lsypunskiy  (5)  in  the  case  of  procsssas  of  th@  type  X4X'“  X2 
+  hv  (X  is  a’halngen  atofUf  M'is  an  excited  X  stom),  baaed  upon 
the  principle  of  minr-uEcnpic  (detailed)  equilibrium..  Actually ^ 
on  the  basis  of  the  latter  vbIuSj  rscomhinatian  (as  has  been  dau- 
onstrated  by  A.  fy,  Teranin  and  A.  Prilezhayev)  may  be  related 
to  the  GOEfficient  of  absorption  (6),  being  a  measure  of  the 
-^probability  of  the  revercg  procRss..  The  latter,  howsyer,  is  ac~- 
curate  only  in  the  case  of  ordinary  photodissociation  and  does 
not  take  place  in  the  case  predisEociation  yhsre  the  coeffi”- 
cisnt  of  ebaarption  detsrrninss  the  tctal  probability  of  absor,0“ 
tion;  that  is,  tbs  sum  of  probabilities  of  excitation  and  photo- 
dissociaticn* 

Tnis  is  graphically  readr  clear  in  Fig,  1,  in  which  the  func¬ 
tion  is  Shawn  for  k,  the  absorption  coefficient  of  (deter¬ 


mined  as  k  »■ 


-  in  ,  p  in  rm  Hg,  1  in  cm)  with  respect  to  the 
wave  length  in  ^  m (a. (according  to  the  measurement  data  of 
Dicklnsors  and  Baxter  (7)-“smail  circlss,  and  Holmes  and  Daniels 
(0)— grtj33.i  crosses )  and  ths  function  of  quantum  yield  during 
phatochamical  dscamposition  of  UQ,-  (according  to  the  data  of  IVor- 
rish  (9)—'^  and  Holmes  and  OanielB  (8)'"“A)e 

In  Figure  1  also,  ths  dotted  curve 
represents  a  sample  (in  view  of  the  ab¬ 
sence  of  quantitative  date)  function  of 
ths  brightnoss  of  fluoreaencB  of  RIO- 
upon  excitation  by  various  wave  lengths 
(9).  It  is  apparent  from  the  drawing 
that  at  eimiiar  absorption  coefficients 
in  spect-rai  regions  close  to  436 

and  close  to  yh  =  366  mif  excitatiDn  of  Fig.  1 

the  molecules  of  MQ2  (n  =0)  takas  place, 
in  the  first  region,  and  photodissocia- 
tion  in  the  second  (absence  of  fluoresenc^ 

Bince  the  coafflcient  of  absorption  of  RID-  could  not  be  used 
for-  calculation  of  the  magnitudes  of  recombination  of  (aO  and  0, 

W8  settled  upon  the  following  method  for  calculating  the  inten- 
sity  of  the  yellow-green  light  in  flame  conditions, 

iJfider  these  conditions  it  is  necessary  to  take  into  sccount 
the  following  elamentary  procesaes  taking  place  among  0,  WO, 
and  l\iDr>; 
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BTB 

rsts' constants, 

nwiei,  ----  -  ^  ^  ^ 

the  i“th  :aort.  OsterairdEig  fro!?;  tha  statioriary  condition  —• 

M  0,  the  stationary  conc?»ntrati0n  of  the  excited  ffiolscuies  et^ 
iQ,  5  PJB.  will  obtain  for  the  intensity  of  emission  par  uni.<  vox- 

uffiS  of  flE®a  I  ,  X'  f  r  \-  ('n\  \ / sars  's 

Ck/+Ik  (0)  ^ 

Heres,  hvr*  dosignstea  the  quas.tity  of  the  smittsd  quanta, 

Ths  constants  k'  ,  kj*.,  and  may  fa©  expressi^d,  on  the  ba¬ 
sis  of  the  principle  of  detailed  equillforiuss,  by  the  constant© 
k  ,  k^. ,  and  k,,  j  respectively.  Actually,  fro®  gxairdnation  of 

the  equilibria j 


we  will  find 


iOyequil 

(f^O)  equil  (O)  equii 


... 

'  (  „)  equil  E 

3  w  ^  2  *S  B 

^3i  (rW2)  equil 

s  is  the  energy  of  excitation  of  Mch  corresponds  to  the, 

i^yerag©  energy'  of  ralativm  motion  of  m  and  0  -  RT,  that  is, 


1 


r  a  0  RT,  sphere  0  is  the  BmTqy  of  dissociation  of  ft^Q2  1*^*0 
WD  and  0,  equal  to  71«45  j  Q.5D  Kcal/male),  or,  introducing  tha 
equilibrium  constant 


(  WO  )  .  ,  \  '  0«*1T  1 


(iV'02)  equii 


'-21 

'li 


K. 
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RT 


Inaerting  ,  and  in  (2),  m  will  obtain 


ke 


-i'Zk-,.  (r?.  )(pjQ2) 

"5^ 


(3) 


Further,  intraduclng  the  dsaignationa 
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1,  *  C4 
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2i  _ 
k™  RT 


10^  W 


«  P  1, 


>1 


lO^W 

"W“ 


and  converting  tc  axpression  .in  atmoaphsrss' of  partial  praaaurBS, 
ws  bsrits  (3)  in  the  following  final  form: 


0  I 

V 

-^f 


ff  p. ) 


''ri44o2 


6 

10  r»! 


hv* 


1  +  C 


(4) 


On  the  basis  of  roEBSursmsnts  of  ths  intsrssity  of  illumination  I, 
the  partial  preESure  of  atomic  axygsn^  also  can  be  calculated 
from  this  formula  if  all  the  remsining  quantities  entering  into 
it  are  known* 

EXPERIf*lErrAL  RFTHDO  mU  RESULTS 

The  object  of  our  investigation  was  an  ordinary  (hot)  flame 
of  carbon  monoxide  burning  at  atmospheric  pressure^ in  a  mixture 
of  CO  and  o.xy«en,  which ^  accox'ding  tn  the  qualitative  observa¬ 
tions  of  GsydDf!,  contains  particularly  large  concentrations  of 
^gen  atoms.  The  burner  ehousn  in  Fig,  2  was  a  quartz  tube  (3 
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mra  diameter)  serving  as  a  nozzle  and  inserted 
casxialiy  into  a  wide  tuba  (60  roiri  diameter J  of 
refractory  glaaso  Carb0ri  monoxide  and  oxygerij 
cantairfed  in  separate  gasometers ,  iiiBre  pssssd 
to  the  nozzle  from  beloy.  as  is  shown  in  Fig» 
The  nampQsition  of  the  raixtisres  which  varied 
individual  experiments  from  33»3%  (stoichiomsi 
mixture)  to  64.7%  was  reriulstecl  by  the  re1 
of  feed  of  ths  gasss  and  was  determinad  by  the 
diachargss.  oxida,  obtaintsd  by  the  aotj 

of  dilute  nitric  acid  rn  copper  shavings ^  was 
rnlxed,  in  quantities  of  0.83  to  6.6%  of  the  gs 
Brsl  preacuraj  with  Dxygsn  on  its  way  to  tne  I 
ar.  The  expariments  consisted  of  two  parts: 
rnsasiiremsnt  of  the  flame  teniperaturB;  and  meas 
uremsmt  cf  the  iritensity  of  the  yallou~g3:'EBn  : 
lurnifiatiDn. 


Fie asur erne nt  of  the  tarnperatur-e  of  an  oxygen  flams  of  carbon 
nKjnGH'otrr^lTr'cTrdeF  to  meaaur-s  the  flame  temparature"  we  used  a 
niiTh oB” TvF  rotation  of  the  O-lines  of  sodium ,  introduced  into  the 
flFiStiB  in  the  form  of  MaCi,  The  measurements  were  narrisd  out  in 
the  usual  manner,  using  a  standard  light  sf3urc:8  3  200  w. 

prajsctinn  cinema  lamp),  two  lenses  with  a  focal  distance  of  8.S 
cm,  and  a  di,ract-vis5-on  spsctrcanope.  8y  using  ons  of  the  lens- 
E9  the  filament  of  the  lamp  was  focufisd  an  the  center  of  the 
flams,  that  is,  upon  the  portion  dirsotly  located  at  the  top  .of 
the  inner  cane  of  the  flame.  The  second  lens  prajentad  the  im~ 
E^e  of  the  filament  and  triO  flame  onto  ths  slit  of  the  .spectro- 
SDDpe;:  the  riiaphx'agffi,  which  separated  ths  pcrtlon  of  ths  flame  to 
be  investigated,  wse  located  hetwee-n  ths  slit  and  tha  flsme.^Ths 
brlgntness  of  JHb  filament  tsnr!pBrat!,!rB  wsa  measursd  within  lim~ 
its’ up  to  2000“^  C  by  the  uss  of  an  optical  pyromEter  of  ths  Gel  * 
bprn-Kurl'baum  system  with  a  red  light  filtsr.  The  differ-snee 
in  spectral  reqion ,  unon  meesuremsnt  of  ths  filament  tErripera- 
turtj  (red  region,  ''h-^  8S5  mf«)  and  of  ths  flame  colored  by  sodium 
(ors.nos  rsgian  ^M::  589  ,  wbe  taken  into  . account  by  the  intro™ 

duction  of’ the'  coxTeaponding  carrsetions.  The  meximum  correction 


for  light 


rarrsctj.ons 

_ _  ■^♦-*0  r 


The  meximum  correction 


in  aur  exiperiments  sas  32''^«  Furthermore,  b.  correction 
was  int.rodsjGBd  for-  the  dispersion  of  light  in  tha  lens- 


uJe  canfed  out  a  ssrlea  of  prsliminsry  experiments  on  ths^ 
iTisastjrsmer'it  of  flame  temperatures  of  mixtures  of  air  ana  carbari^ 
manoxlde  of  various  composition  (with  CO  content  from  3D_to  89%) 
The  results  nf  thesa  meaaursments  are  shown  in  Fig.  3  (light 
small  circles).  As  is  apparent  from  the  curve  in  Fig.  3,  the 


racratura  of  t’ns  flame  in  thie  casa 


'iad  within  the  limits 


of  1755  to  1955''  C,  depending  upon  the  CD  content  in  the  mix¬ 
ture,  end  attained  its  maximum  yaiue  at -^35^  CD,  The  mea^sure- 
merit  data  ws  obtained  agree,  uiithin  ths  limits  of  error,  uiith 
the  data  of  Loamis  and  Perrnt  (10),  uihich  are  also  shouin  in  Fig. 
3  (cross  marks )v 


The  flame  teniparature  of  oxygen  mixtures  of  CO,  ujhich  was 
the  main  object  of  our  investigation,  ccnsidersbly  exceeded 
2000°  C,  iithich  is  the  limit  of  applicability  of  an  optical  py¬ 
rometer.  Therefore,  in  order  to  determine  the  filament  temper¬ 
ature  of  the  lamp  at  incandescence,  in  this  case  we  had  to  turn 
to  a  .method  of  extrapolation  whose  applicability  is  clear  from 
the  following  reasoning.  The  amount  of  thermal  |nergy  emitted 
per  unit  length  of  filament  is  proportional  tc  I  ,  where  I  is 
the  current  strength  furnished  to  the  lamp.  Houiever,  the  quan¬ 
tity  of  energy  last  par^nit  length  of  filament,  as  a  result  of  ^ 
its  small  thickness  and  high  temperature,  basically  should  be 
terminsd  by  the  illumination  ushose  energy  is  proportional  to  T', 
where  T  is  tha  absolute  tamparature  of  the  filament  surface. 


Consequently ,  tnera  results  from  the  thermal  balance  of  the 
filament  a  ratio  betwesn  T  and"]/!.  regularity  in  the  regi¬ 

on  of  tBmper3tu.rES  from  IDOQ  to  22.50  K  was  confirmed  by ^ our 
special  excerinisnts ,  the  results  of  which  are  shown  in  Fig.  4. 
Hsra  ths  filament  temperature,  measured  by  the  use  of  an  optical 
pyrometer,  lias  along  the  or-dinata  axis;  and ’VT'alDng  ^  the  ab*» 
cis.S3  axis.  The  tBmpe.rature  of  the  flame  of  oxygen ^mixturas  of^ 
CO  was  also  determined  by  the  extrapolated  portion . (dotted  line] 
of  ths  straight  iins  in  Fig.  4  according  to  the  value  of  the 
innandesoent  current,  which  corresponds  to  the  point  of  inter- 
section  of  the  filament  brigh.tnsss  and  the  D-luminescencB  of  the 
fia^na.  Temperaturas  found  in  this  way  for  flames  of  mi.xturBS 
of  CO  and  Or,  of  varying  composition  (from  34  to.80?4  CO)  are 
shown  in  Fi^.  5.  As  is  apparent  from  this  figure,  the  maximum 
tempBrature'was  about  2730°  K,  corresponding  to  a  stoichiomet¬ 
ric  mixture.  Uie  evaluated  the  error  in  determination  of  flama  | 


-  f? 


+  s.m'^pr?>ture'-3  CO  m  st  about  50*, 
;SSh  proved  dho  inaocSraoy  of  uleoal 

dstsrfnination  of  t-he  KiDmsnt  or  rota™ 
tion  of  BOdlum  O-linss,  so  sjieiJ,  bg  tr 
nsoaf-SGty  fob  so ttanaiatiDn, 

uia  also  atuditid  o;ne  erriic  r  'l-y'';  J-;  ' 
tsr-psreturB  of  the  flaine  sunon  nj.nr.if. 
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d  S  V  S  i  n  8  d  S  p  B  C  t  r  O  p  h  O  t  D S 1 1'  j-  u  a  o- 1  y  a.  ii 
1;h8  difference  in  intensity  Gf^iiare 
rsdietion  in  the  pi’esesiCE  n’f  n.'.  t/.  i c. 
axids  and  the  intensity  of  iliu-iiina-- 
tinn  csccurring  on  the  part  of  the 
™  apBCtruTTi  of  the  flama  of  fba 

"  *  spactra  idSTs  phntograpned  using  a 

rv'jus  spectrogreph  taith  a  glsoe 
iveraae  disaersion  in  tfa  reoion  eSDiJ-StOO  A  Cit 
limeter,  upon  various  tygss  of  penchromatic 
;ivitv  limits  up  to  7500  The  absalute^  intense 

!5  iiiaminatian  uera  detcjrmined  phDtor«etricaiiy  s.,)-  tot 
■h  ths  intensity  of  the  iliun:inst:.o.n  fro-t  a  npfi‘i«.p  uS! 

rauthors'  footnote:  it  is  knousn  that  upon  i  cm  or^ 
jcsri  St,  e  distance  ofia  meter,  the  Hafrnwr 
fousi  to  900  ere  /  cm’"'  sec.  1he  spectral  dists  tDutxur 
iminaticn  of  the  Heffner  lamp  is  obtaincD  by  the  ! nr- 


""  j  Ain  centimeters,.!  In  oruer 

.  sersn  SDectra  mere  photograDhed  on  one  suo 

%;  nenn  lamp  (first  ano  sBveRth),  one  Cajiame  Sj-bC- 
"i-'pctrum  from  tlis  same  flame  but  with  addition  u;  vUj 
‘^^nec;t-"3  of  a  Heffner  lamp  mith  different  exposure  t:jri 
stPiidarcia  of  intensity.  These  spactra,  further,  mrr 
■,-=d  on  B  fioll's  micropnotarinfttar  ana,  by  the  messureo 
snri  thn  Standards  of  intensity,  the  rolativs  mean-- 


ialty  of  Ulun,ln3tlon(-f-);^  of  the  flomo  uoo  drtemined,  oorras- 

rfhnrtino  tHe  definite  wave  length  A  (1^  is  the  intensity  of  il- 
luslnation  of  a  Haffrar  lamp)  of  a  iison  Ssap  locatafl  alons 
~r.pf-tT.HiTi  This  typo  of  msaeursment  bias  carrisa  out,  in  we 
itv'o^p'ByQBfimsnts  at  the  f alloying  fcsave  Itrsgthsj 
eSo-  ‘  5likl~5562,  and  5%0Q  t  (around  54DQ  A  is  the  short--Bavg 
length  iiwit  of  yalitsy-gresn  g®ission)«  «« 

'Hare  it  is  necessary  to  mention  the  fcllGwirig;  it  was  ob- 

ssrye-d  that  the  introduction  of  m  into  a  ^sm-e  af 

rnt  Dti^y  ioyera  the  flams  tegiperature  but  a^ao  dscrfeuse..  ita 
brightness'/  Therafora,  yhen  determining  tne  intensity 

flaiiis  snectra  of  CO  yere  oorffparad  yith  each  uthei 

upon^the  of  .0;  tha^e^.ads 

at  different  eic-pasures  selacwed  so  !»h.at  in  the  shor  ijpf 

“ "  r-  , _  ..u_— «  ^  ■ahiisanf'Sl  nf  atjDerlS»““ 


iar  dark  areas. 

Frq5!5  a  deteriRinaticn  of  the  energy  in  a  Hsffner 
truss  it  is  not  difficult  to  find  ths 

at  a  definite  wavfa  length  (in  the  interyal^^) ;  that  i  , 


e.AX 

fTjr  “  fuo)x^^' 


yhara  bv  multipf/i/g /he  relative  intensitiaa  of 
a  rn  f IRE'S  obtained  by  ahotomstrlc  measureTsents  (with  and 

PufaSiftf™  of 

yhols  spectrum,  we  Mill  obtain  tne  intensity  of  -  - 


yhole  spectrum,  we  yiii  od 
the  flame  in  both  cases  as 


f /f  \ 


O  ^ 

The  differensss  between  thes%  two  quantities  gives  the  energy  car- 
responding  to  yEllou-grssn  ^lission: 

Sr,-  \  *^0  /  T  Sl 

Ac.e--c:  =  f  (wAfe),  -(-fjJ^- 


^  0 

Graphically  this^ difference  is  reprasented  as  a  square  which  xs 
included  between  the  curvBS^~|~^^  i^^:A  for  both  flames.  The 


for  both  flames. 


magnitude  of  this  square  is  found  by  grap 
ic  integration.  In  Fig.  6  uie  introduc- 
the  distribution;  burvs  for  Bnsrgie- 
spsctrut-i  of  yellow^’QrBBn  emission. 

In  nur  experiments  the  Haffner 


in  the 


amp  yss 

located  at  8  distance  of  =  1  M  from  thfi' 
spsctrogrsph  slit,  whereas  the  flame  at 
3  distance  of  r  «  0.33  In  addition^  th^ 
timsa  of  exaosure  durirtg  photography  of  the 
apectruK  of  the  flams  (t)  and  the  lamp  spectrum  (t  )  wars  differ- 
ent,  RsCBlculation  for  similar  distances  and  expofeure  txnfes 
oiuBB  the  fallowing  correctad  coefficient  [ authors V  *  odtnatfe-^ 

HeT-e  ae  bsfnrs  use  aesuirte  that  darkening  of  the  photofilm  is  as- 
tarmined  by  the  product  of  the  light  intensity  and  the  time  or  ex- 
poEure..  For  photametric  measurements  which  have  as  tneir  goai 
evaluation  of  the  order  of  magnitude  of  tha  measurad  intensx4.ie«, 
this  rough  approsoh  proves  quite  adequate,]; 

;  (6) 

^  n  J  t  * 

which  must  be  multiplied  by  the  quantity  Al  determined  by  the 
rnsthod  daacribed  above,  tv  , 

iDsertinq  into  the  exr3r,es3iDn  xM  the  value  J  {lQ),\d 
erQ/cm^'sBD,  wa  will  obtain  the  energy  of  ths  yellou-qrean  emis¬ 
sion  Dccbxring  on  one  cm  of  surfacs  which  is  at  a  diatanoe  r  from 
the  flams.  Conaaquantly ,  in  order  to  determine  the  full  energy 
of  illumination  of  a  unit  voluma  of  flama  in  one  sBcondy  ws  oa- 
tain  in  this  case 

3 

(v  is  the  volume  of  the  flams,  equalv«fe.-i  cm  )=> 

i%aaux8ments  of  the  quantity-  I ,  using  the  method  desGribed 
above,  were  carried  out  in  ten  different  experiments.  The  re-  ; 
suits 'of  these  experiments  are  given  in  Table  1, 

DISCUBSIOi^  QF  THE  RESULTS 

Thn  quantities  k.d,  R ,Y. ,  /I ,  and  v«  entering  into  expressian 

biHX'8  frjur'fd  froni  foilnwing  datB^  ...ions 

of  the  f 

■  not  dBpand''upon  the  excitation  energy,  that  is,  upon  the  wave^ 
length.  The  quantity  y.  was  determined  by  Baxter  (12)  from  ths 

Is^tlnquishing  of  fluorescencB  of  f«02  by  various  gases  at  room  - 


k  o! 


floor BScenGB  of  i\!0,,  lead  to  a  value  of  the  quantity 
dsr  of  iD^  ssD  ^  { j„i )  1.  This  pusn'ti'ty  nsirfUrBlly  »houlu 
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[legend:  (Ij  nD=  Df  sxperirr,Bnt;  (2)  mixture  compneition;  (d) 

erg/sec;  (4)  eauil  ] 

temperature  and  for  ^2*  snd  O2  proved  equal  to  50,  44, 

21,  and  16.5  resoectivsly.  Since  the  values  of  7j_ 

fBCtivB  magnitudes  of  fluorescence  extinguishing  which  correspond¬ 
ed  to  these  values  are  close  to  the  gssokinstic  magnitude  (each 
gasokinetic  collision  being  extinguishing  (11),  the  quantities 
also  must  be  considsred  independent  of  the  wava  length.  Upon^  re¬ 
calculation  far  tha  flame  temperature  T  and  atm  "■^  they  must  be 

multiplied  by  76Q  ~~7  In  the  carbon  monoxide  flame,  gases 

pcssessinq  significant  partial  pressures  are  CD^,  CD,  and  O2.  In 
piaca  of  the  unknown  quantity  "^pg  ws  Further,  the  quan¬ 

tities  ^iCandj^  were  determined  from  the  data  of  Holroes^and  Daniels 
ie),  which  refer  to  the  eff'ect  of  admixtures  of  foreign  gases  up¬ 
on  the  quantum  yield  of  the  photochemical  dscomposition  of  !\!D2. 

In  contrast  to  k  and]),  ,  these  quantities  should  depend  upon  wave 
length,  becoming  zern^when  the  excitation  ensrgy  of  the  molecules 
DBCcmas  less  than  its  dissociation  energy  0,  Holmes  and  Daniels 
studied  most  thoroughly  the  effect  of  various  amounts  of  CO2  up¬ 
on  the  quantity  ^  ,  in  which  the  most  accurate  of  threB_^SBries  of 
experiments  using  various  wave  lengths  (40  ,  366,  and  313  fpK) 
uiE-rs  tho.ee  at  =  366  mw.  But  since  the  average  excitation  ensr- 
g-7of  a  mclBCule  of  WO^*' under  the  flams  conditions  (T  »  2500- 
27GG'‘^  K)  corresponds  t6A''^370  mp- ,  then  we  also  use  the  data  for 
ths'?9  expsrimer.ts  for  tha  determination  of  the  quantity  for 

U  lJ  ^  5 

The  following  processes  are  the  basis  of  the  mechanism  of 
photochemical  decomposition  of  i\)D2:  . 
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iOp  4*  hv  WO 29 

ml  wa  +  Q,  k.  ; 


ftiGg  4  m  +  0  »  Fi.,.  kgj?- 

WQJ  4  .  WO2  ^  Si‘ 

ino;  ®  4  hv^,  k* 

z  i  ‘ 


By  using  designaticna  taken  esrlxErs  we  laill  ohtsin  far  the  quan¬ 
tum  yield  at  the  preseur®  of  an  BKlraneous  gas  squal  ta  p, 

a  7  ct  +^  ftiGn  (  q\ 


1  +  gC,  + 


Introducing  the  quantity 

„  d'-.  +  !^AiO„  P,,n7  I 

/9»..  «E  2  z  mux  1 

that  isj  the  quantum  yield  at  p  =  0,  from  (8)  and  (9)  we  will 
find 


'no  ““  A  P 


n,  .  1|_ 


a'hers 


^  ^  t 


2  ^'""2 


^  - - 

The  reietionship  of  tha  quantity  to  according  to 

the  data  af  HGimes  and  Danisls  {S  ^  366  ir.fi)  for  CO^  is  given  in 
Fig.  1,  from  which  it  is  apparent  that  this  qusntity  is  actually 
a  linear  function,  in  agreement  with  forumula  (iO).  Fraro  Fig,  7 
W3  find  C,  *•■  2  and  «  0»8  *  ID^  mm  Hg  std.  Bubjtituting  in  tha 
expression  for  0.  q  «  I«83  (8),  we  will  obtain-^  »  lal8  where 
jit  follows  that  in  the  region  366  tn^,  •^'Consequently ,  _j 
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mmm 


»  ‘ '  I 

'^^pSe/TM'W 


'mmS&w 

?ff''‘-'-'7o;'- 

|»Vx*, 


■  ■  ' 

the  excited  malecule  df  1\I02,  which  has  an  ex~l 
citation  energy  ccrreeponding  toA^  366  ia 
likely  to  lose  its  energy  of  excitation  upon 
ODllision  with  a  malecule  of  CD^  with  the  same 
probability  that  it  will  dissociate  upon  this 
collision  into  PiO  and  D.  Taking  into  consider^ 
ation  the  fact  that  the  appraximate  Hquilihri- 
ura  of  the  quartti titles  p  and  takes  plSra 
in  the  case  of  other  gases,  we  will  set^ 

From  here,  using  the  expreesions  for  ^2 
(g),  we  findc3[,  5^3'  iO^  .  : 


Further.,  calculating  the  partial  pressures  of  002?  .CO,  ^ and 
in  the  flame  as  the  average  value  from  the  initial  and  final 
pressures  of  these  gasea  (ssauminn  complete  combustiDn  of  CD)  we 
will  have"  I*  - 

tc  s’  - 


F,. 


/c.p 


where  x  ** 


5 


the  initial  mixture.  These  average  values  of  002,  CO,  and  O2  al¬ 
so  were  used  during  the  calculation  of  the  quantity ^ from  {4)= 

Finally,  as  is  apparent  from  Fig,  6,  the  maximum  Braission  in  tha 
yellow-green  spectrum  accurs  at  the  wave  length, 600  m  ;  this 
number  also  determines  the  value  of  the  quantity  v*sntering  into 
expression  (4)= 

In  expression  (4),  along  with  the  term  which  is  proportional 
to  the  products  Pj^gPgj  a  term  enters  which  is  proportional  to 

P  ,  Uie  will  demonstrate  that  in  view  of  the  smallness  of  the 

iV  U 1:^ 

partial  pressure  of  f\)0„  in  the  flame  this  second  term  is  insignif- 
leantly  small  in  comparison  to  the  first.  In  order  to  prove  this, 
it  is  necessary  to  demonatrate  that  Pj^p  under  the  conditions  in 

the  flame  is  significantly  less  than  thi  value  ^(\i02  equil  in  equi- 
li.brium  with  it.  Actually,  keeping  the  relationship  of  both  nuro- 
eratdrs  of  (4)  UI8  will  find 


^  x-t  t  ^ 

is  the  quantity  found  from  the  composition  0 


i  P/i/O  _ 

(®t  -^flPilPijp^OPQ 

si  ne'e  '  P 


Kp‘^ 


rMOi. 


_ 

(/Vi  e^Vf)  /'Vjj 


Po  ^  fFv?2,’>  ef-,;;  r 


almost  exactly  equals  ^ ,  and' the'  partial  pres¬ 
sure  of  oxygen  atoms  under  the  conditions  of  the  reaction  taking 
place  cannot  be  less  than 

I  According  to  data  cited  in  the  survey  of  Geib  (13),  molB-^  { 
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cules  nf  i\iO,  easily  react  with  atoms  of  lil 
(the  activauion  energy  is  less  than  5  Kcala). 
In  practice,  however,  the  equilitsriun;  of  ;  ; 
the  double  quantum  , yield,  upon  photochem¬ 
ical  decDiTiposition  of  in  the  regi.un  dr 
predisBoClation  (Fig.  l),  may  ,bs  viewed  as 
a  direct  indication  of  a  rapid  reactiDn  of  , 
filD„  also  with  atoms  of  0,  From  here  it  fol¬ 
lows  that  the  flame  conditinns  due  to  the 
presence  of  significant  concentrations  of 
free  atoms  and  radicals,  should  be  ^‘avorable 

for  the  deoompoaitiDrs  of  l\ID„  which  also  leads  to  P|V{n  <5;  ^ 

^  ■  2  \  '  ■'2/equil 


and  dK 


ConsiderinD  the  reaction  of  fviD2  with  these  active  particiss 
Esignating  their  Cbncontrations  by  (R)?  in  s  Stationary 


1,11. u  w.. .j ji, - v . iy  oiiKj-x  L.U! n-.r.it i K.V  u St ju vJ t ici  sj y  (R/j  i^  2  statiohary 
burning  flams  cnntaining  t'JO  and  !l>0,j  ue  will  have  the  processas; 


2WQ  +  D2  “  2  IVO2, 

2rvlD2  “  2  filD  +  02,  k2; 

^2  r  R  «  (syO  +  RO),  kj, 


from  which  it  follows 
.  '  'dt 


=  0  2k^(r»f0)^  {O2) 


2k2(  WO2)' 


k3(fyo2)(R). 


Introducing  the  equilibrium  constants  2 
W-  (^’l\iO)eQuil  (”q)  equil  n/  >  _  (^0)  .  .efUlii. 

K  “  '  T-r-^r- 


P 


(  ,i\JD2)  equil 


and  (K  )j3  =  - 


(^02)  equil 


and  asaumlno 'that  (f\i0)  =  and  (0,,)  {02^  equil,  wb  will 

rewrite  the  preceding  equation  in  the  form  ^^4 

In  view  of  the  fact  that  (R)  (D)  equil,  it  is  apparent  that 


.  16 


f  The  constant  has  the  wslus  0o8  "  3.0“^^  sec  ^ 

Uls  can  csiGulate  the  constant  k-j  by  setting  the  sctiyation  energy 
E  10  kc8l  and  the  steric  fafttor  equsl  ta  Such  an  esti- 

3  r  — 133"“} 

fn-p  T  «.  9*:?na,-9'7nn^  whs  I<'_'^:.1.1G  '  «"  see  fineil- 


from  this  it  follewi^ 


mate  gives  for  T  250Q‘'.'27D0^"  abs  «"  bbc'-\  finsl-^ 

ly,  the  least  value  of  the  quantity  (^p)s  undar  the  conditions 

j3  O 

■"of  pur  eKparirafnt©  yas  equal -Jo  2  ’  ;  from  this  it  follewf” 

that;  2a  10"*  5 

In  Table  1,  the  compcsltion  af  s  rrixture  is  shown  for  each 
exper-imant  (sBcond'^fourth  nalun^ns);  tha  flarse  temperature  (fifth 
DDlusn);  the  amount  of  enargy  occurrir?g  for  the  yellow-greBn 
emiesiDnj  calcuiated  socarding  to  formula  (5)  (sixth  CDlumr!)|  and 
the  partial  pressure  of  the  oxygen  atoms  in  the  flsoB^  calculat¬ 
ed  by  formula  (4)  (ssvetith  Golur.n),  From  a  Domparison  yith  the 
equilibrium  pressures  (eighth  column),  calnulatsd  from  the  aver- 
ags  values  of  Pq  and  the  equilibrium  constant  (Kp)^j  it  follossis 

that  ^0  6isd  (°0)8quil  have  close  ordera  of  magnitude. 

THh  values  of  tha  ratio  (Pj3)eQ{iii  column)  a^a 

function  of  tempsraturs  of  ths  flsrse  are  graphically  ahcwn  in 
Fig.  0,  in  wSiiah  the  data  relating  to  doss  teKperatures  sxs^ay-^ 
eraged  (expGrimsnts  54,  63;,  70,  and  7i*'~avBraQ8  temperaturo^-^SlD 
K;  end  expsriments  B6,  58,  pnd  64-~ average  teraperaturB  2660  K). 

As  is  appars^nt  from  Fig.  8,' all  the  points  except  one  lie  or*  a 
smooth  csjrye,  which  can  be  given  the  following  interpretation. 
From  ths  data  pertainirsg  to  the  iofajHtesjperstur®.  exhausted  flames 
of  carbon  monoxide  (2),  it  is  known  that  In  these  flames  the  con¬ 
centration  of  atoms  and  radical©  is-  a  thouBand  times  greater 
than  their  squilihrium  cancentration.  Upon  increasing 
temperature,  that  is,  approaching  combustion  canditiarss  teliinh 
take  plaoB  in  s  hot  flarss,  tha  diffs-rene®  bstoesn  the  actual  and 
equilibrium  concentrations  of  active  particisB  should  constantly 
dacreass.  It  is  possible  that  this  also  is  refiectsd  in  the 
curvB  of  Fig,  8,  fi'-onj  which  it  is  possible  to  drsui  ccinclusions 
about  tha  agrsament  of  both  concsritrstioiis  at  flams  temperatures 
exceeding  2600®  abs.  As  far  as  extraneKsis  points  are  concarnad 
(experimsnt  35),  the  iRcrease  of  over  (Po)gqjjix  relstivsly 

great  hera,  possibly  because  of  the  great  bxcbbs  csf  oxygen  (sae 
Table  l). 

CORfCLUSIOSS 

I  Fssssurement  of  ths  intensity  of  yellaw-grsen  amission  of  ^ 
■“Mlg  ^^5  ^hs  possibility  of  quantitative  evaluation  of  the 


I  CDRcantration  of  atossis  oxygsn  in  flamas.  Consequently,  a  msth-l 
cd  proposed  by  Gsydon  as  nuaiitative  has  bsen  converted  ints  a 
quantjfetivB  Kisthad  of  anaiysiSi, 

By  using  this  fBsthody  msasurEmsnts  of  the  corsnentration  of 
oxygsn  atoi^is  in  hot  flamsB  of  carbon  monaxids  ars  of  the  sese 
ordar  of  magnitude  as  the  equliibi'iuis  concentration  (at  flams 
temper-atores  higher  than  2600  sbs)» 

„  An  inadequacy  of  the  ssethad  is  the  quit®  definite  obstacle 
that  introduction  of  nitrie  dxid©  into  the  flames  changes  ths 
combustion  conditions  (particularly,  it  lowers  the  flarsg  terapera- 
tuTB)^  Corx-Bspandingly,  the  meaeurad  concentrations  of  the  oxy¬ 
gen  atoms  apply  to  flames  burning  under  changed  conditians  arsd 
not  to  the  initial  flame. 
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